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The present invention relates to semiconductor 
photociod^s ana in particular Lo the straetures of high 
peiformancc Dack-iliuminateo photrodiode arrays <iiid the 
Hietnoas ot fabricating such structures - 

^ . P rior ar t 

Cor j-entioraJ, ohotodiode arra «,rr c ^^e^ =i i ^ o-^ 

either tioat illumiiias t„d or back i luu^ ^ I ( i > -^s 

Faoru^e xa 3*5 e cimplif:!ec' cr ) i} i y 

aiL iront 1 1 itmiinated ph jt ->dic I / i ni [} 

si'fpl J c <<„rfcioi> of X > i i 1 i 

illuminated photodjode arra^ i j, ^ ei i 

n typ€» or o type in=5Ltej:aai i^*- ci > j c kh 1 1 i*- t- t 

d^ff usees -ic-'icn^ 2 tier 3t in- oa<-t- 3 r o r or n or~p 

oi-T s*- 1 Ut, ii c 10, - t ^ ^ It- 

^ ' - t . i 3J lie - ; . e -.o^ , 4 ^^^^.^ 

^ ^ " ' f a "(.d c t ih a he case 

n i it^^j^n )i the faio =^3rfa^c tie die of ih*> ^a^s 
condirri^-iu ts^>e ?g th- substra^e impioves ooth the charge 



miimwdimmm 

collection efficiency and: DC/AC electrical performance of the 
devices- 
Each of the two approaches - the front illuminated and 
back illuirdnated structures - has its own advantages and 
disadvantages. For example, traditional front illuminated 
structures like that shorn in Figure la allow building hiah 
performance photodiodes and photodiode arrays, but dispose 
severe constraints on the metal run width Those constrannts 
limit a design of the front illirminating photodiode array to 
the use of either a smaller number of eleiftentp, or larger 
gaps between adjacent elements. Note that the metal ruris 
should be accommodated in between adjacent diffusion areas 2 
(see Figure la) . 

Bapk iUmKinated structures reported recently by several 
companies take advantage of solder bump teGhn;63:ogy to 
electrically connect elements of the array to an ekteraal 
substrate or Pc board uising the contacts {bumps) on the frdht 
surface of the structure. By utilising solder bump 
technology, the metal interconnects, which usually reside on 
top of the active surface between the adjacent elements 
openings, may be moved to the substrate or j»c board upon 
which the chip is mouiited. Such an approach allows 
minimizing the gaps between adjacent elements of the array, 
at the same time allowing a virtually unlimited total number 
of elements. However, several drawbacks of the previously 
reported back illuminated structures limit their application: 

1) First:, these structures are usually fabricated 
using relatively thick wafers {>5.0 m) and the 
resistivity of the material has to be high enough {>1000 
Ohm-cm) to deplete the entire volume at zero bias, which 
is required for many applications; 
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2) Second, the application of a high resistivity 
material usually diminishes the photodiode perf orsr^ance 
with respect to the leakage current and shunt 

ressi stance; 

3) TMrd, if a high resistivity inaterial is not 
used, then the time response will foe very long (micro 
seconds or even longer) because the time response would 
be determined by the diffusion processes rather than 
drift processes of the totally depleted structures; 

4) Fourth, there are little -or no structural 
features that isolate adjaosnfe cells from each other 
within the entire thiekriess of the device, which results 
in relatively high cross-talk, especially at zero bias. 

Suramarizing, such parameters as the leakage current, 
shunt rsaistance, cros?--talk, spectral sexisitivity, and 
temporal response are of main concern for the prior art of 
bad', illuitduated structures. Additionally, the handling of 
thiii v«irers {<5Q am thickness) in the wafer fabriGation 
process is a macter of great concern toy itself / and would 
bsccHr.e increasingly important with the further decrease of 
the Avafer thickness . 

BRIEF DESG RXFTI OH OF THE DRAWINGS 

Tlie main ideas of the invention are demonstrated by the 
aecompanying drawings, in which: 

Figures la and lb are schematic cross sections of 
cypical, oo3rvr5n!.ional prior art structures for the front 
i.l iLuninaced photodiode arrays and back illuminated photodiode 
arrays, respectively. 
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FicT..irfV: 2 i« a schematic cross seccion of. m ultra thin, 
back illuminating pLotodxode array in accordance with the 
present invention. 

Figu,r'e 3 is a schemcitic cross section of a saapie 
structure oC the presexit invention having a 30im Lhick, n- 
type Silicon wafer. 

Figure 4a through 4c iaiustrate segaenfeial steps o£ a 
method for fabricating electrodes of a tliin wafer photodiode 
array structure in accordance with the present invention. 

Figure 5 illustrates an exemplary layout of cathode and 
anode pads across the front surface of the wafer. 

Figure 6 is a cross .«ectlon taken through one of the 
metal contacts o f. Figure 5 . 

PBTAILSD DESCRI PTIOt-3 QF THE PRSFERRED EMBODIM ENTS 

The Objectives of the preseiit invention include; 

1) To provide a multiple element, back side illuminated 
2t)-photodiode array with a superior performance of all 
elements ; 

" > p» -"Tio c 'all <-eti i^'ho ± ^ ' \-' 'i' . 
illuninritf*d photoaioae arrav on an ultra tnan v^rto- 

Iw is therefore an ob^ecL of this iixvention ic pio^':ac a 
structure for silicon inulti-element, 2 -D photodiode arrays 
hav'ncf gxeatly i:iproved charartoristics over prior art 

^'v^, ra^-.x'j Lt- ose''u'! in such applications as CT Sf^r^t ner 
appi icati ons , etc , 



Jtocthei object xs to provice a a;ethod of iaisri rating Si 
devices on ultra thji.i wafe^rs w'^ich method can toe suitanle 



^^o. ati - - p ^f,ip, niUti^a3emc-nt, 2 -dimensional 
^j.rdys ul. SIX icon photodiodes , 

Th*»se and other objects of the present -n-cr .o.^ ^ . 
oe^come apparent from the followitt-^ ai.-c u.^ t hxi, 

disrloGure, f^rsr pi^iertcd eir>odirc..^ of f j -^d d ode 
arrays w;j.l c. d.-^c-^hc' .-r^ u><,r. t'.e preferred method of 
£abxiu«t.i,uu the arrays wxli be described. 

Figure 2 is a simplified cross-sectional view of a 
seia: conductor ultra-thxn chip photodiode array in accordance 
with a preferred enibodijnent of the present invention. The 
structure is built jsing either n-type or p-type bulk siiicon 
1. For brevity, the anode in the rase of p-on-n structure or 
the cathode in the case of n-on-p stxucture will be seierred 
to as -the first electrode' , while the cachode in che case of 
p or-n structure and -he anode in the case of n~on-p 
structure will be referred to as '"the second electrode." 

A> nat«5.-.=^i .c^iBti^rUy, thickness of the vfdfer/dip, 
dopar-^ cwiicentraLions and doses, and diffusion conditions 
are pieferably chosen to satisfy the following requirements: 

"> extend-- fii^.'-^n / . . to tJbr- y oi-:f-'o tI-=- 

d i M .,1 ,r . \q KiJ t'lo b ank^t ^mp^ar' J.e a- e oack 

' J* 1 ! of the MaaKCt inr^A. t 5p.ac<=> 

L.^w.ted 3s M' in the Frgux^ ?, becontas cjiaijetexy 
depleted at a zero volt bias; 

b^ The imi^orffi, "blanket" iicpi =Liua*-J <. n 

tne back side of the wafst ^vi Ll the iKiv).en > s^^^ 

po3ai;..ty as the one of *-be maionti - -j^ j \t 

waier bulk 1 provides excellent majority carrier 
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^ -V ensures a 



^e.Lx. . electric fi^lO for caix .0 -ct.or berxeafch 
the first electrode to irina.m?f» cros«! tali 

c) Tho second el^ct o^i. CLira e is appJied 
frora thp fr-cu' ^ c r -^t s, a ^ i, t 

-mp^ar d 1 a u v p to-^ol n^if ^11 f <■ , 

thcrcbv J. ' I diK^l I i -^^-i K r rt 

pf-tf ->ci J ^ ^ ^ J- ^ ^ o :e 

T qui -5 It r ^.^"ji in the ea;>.iier Figures lur 
c3c.iT,ti i t^jp i^xufatrations 01 the aopco 5 -^c ^ 

to exansple of a real strtict«E© built nsina & n~t^":>« ^-^^^Ik 
Si ivilh tie resxstxvity of appi oxjmatel f 
schematxcai-y m Figure "=5 At a 21x0 bxa« M id 1 
depletion region is appiox raat^l^ and c^tead s ^ id 

31 to {mt no^ tiiiouQh) tne olanket inplantatic 1 he 
wat- back eiac {qee the hatchec r j r F„gute 

J The blanket dif-usion 1^ 01 L r / ■) f 

Ui-kk so th*::. iep et-.->n ^egjc j i 1 

not Qu^tc an the svci ti - 3 r ^ n a 

potuitiai creates? p3o tj c t rlr c 1 ! t rr 

i«*go and ^arii t. ^ rc J riio r j > . 3 

^ r ilo I. < . h r o 

'^^ ^ ^ ^5 i '^i C no rr ttie 

pu^,foiLi.o-Ly ux being collected by the electrodes from 
adjacent ceils because: 

Th** ell cti c fluid nea- the die back surta.. <= i ^ e 
tl^ cair^urs photo gpnerat 03: piedoninantlv occms id 
axrected pe.-pendi culai to Ihr die surface, therefore 
tit Ccri3e><5 move {diirui p jiPd*-j i waid the junction 



of. the same cell, havir^g almost no possibility o£ toeing 
trapped by an adjacent ceil; 

The second electrode diffusion, region 8, which is 
n+ diffusion in the case of Figure 3, spans the ejitire 
thickness of the die and acts as an effective carrier 
isolator from adjaeent cells. 

The first electrode diffusion 2 stay overlap with the 
second electrode diffusion 8 close to the front surface of 
the die as shown in Figure 3 . I'his overlappiiig may 
significantly decrease the breakdown voltage, which is not 
important for a zero bias device, 

•Thus, exemplary repxsoen- ative d:Iffu:;;ion profilei? of the 
Lid eisctitode 3 ax"e siio\\'n in Figure 
electrode diffusion 2 should be 
::;strate thickness (typically less 
thar^ 50 um, iui.-l :r: v;t-,: typically approximately 30 vm as shoi-tfri 
ir: Fi>ju:-- 3; by an ••■mount: that approxiraateiy ecr^ialE the 
d.epl-;5ti:-j:2 depth for the substrate material 1 at zero bias. 
The second electrode diffusion 6 should spau. the entire 
thickness of the siibstrate, or at least to a tsufficient depth 
to pirovide a reliable low resistance contact v;ith the l-;>ianket 
implantation 5 of the back side of the wafer. Note that the 
dopants 5 and 8 are of the same polarity. 

thick';-!: substrate (for example 3 00 pm) for ,stractura;[ 
sl-i]:fne;;:s a:id integrity during the processing, using three 

masking steps: 

First j as shown in Figure 4a, the second 
electrode 8 impl an tat ion /diffusion is applied followed 
by a drive. At this stage, the difference in the 



;[:irst ei '•>c::.:!:od-:^.? 2 and s<--~; 
3, Thih depch of the f.;. ?! 
less th 5.ri i l u: i U s i :■■ hf ■ ;-. 
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final aiffusioii depths for the first electroaes 2 and 
second elBctrodss 8 (approximately 9pm) is formed. 

Second, as shovra in Figure 4b, the first 
electrGde 2 ijnplaiitatipn/diff uisioii is appliecS followed 
by a drive. By the enS of thi^ stacfe, the diffusioiT 
profiles 2 and 8 almost reach their final 
configuration. 

Third, as shovjn in Figure 4c> th^ secoBd 
electrode 8 receives an additional enhancement 
followed by a drive to easure stiperior electrical 
contacts and to aeti^ate dopante,: ht this stage, the 
profiles of both the cathode and aiiode dif fusions 
reach tliair fijaal eonf igurations (see the solid lines 
and hatched areas iri Figure 4c) . The dif f',^sion 
profiles prior to this third step of dopants 
iinplaiatatiph/diff-tision/drive are showa i^eheitiati^ally 
with the dashed liiies in Figure 4c. The future back 
surface of the ^vaf er af ter back side grindiintg and 
pblishiiicf is sho^im schejitatidally W3.th the dashed line 
10. 

•The array is , then reduced in. thickness, by grinding the 
back side of the array, preferably to provide a substrate 
thickness of tinder approximately 50 \m, and more pref erably 
to apprGximateiy 30 )m. The final thickness achieved, of 
course, is preferably selected in accordance with the 
resistivity of the substrate and the depth of the first 
electrode diffusion so that the diffusion is spaced away form 
the back side of the substrate sn amount that approximately 
eQual.« the depletion depth for the substrata material at aero 
bias. Then a blanket ijiapLant of the first conductivity type 
is made to the back side of the wafer, which implant impro\^es 
both the charge collection efficiency and DC/AC electrical 

8 



perfornwice of: the phofcodiode arrays. Activation of the 
.Iniplani. does not significantly alter the first aad ^second 
electrode. di.f;fi.isions . Alternatively, a diff.iision tor the 
back sid.^; could be -ased xL desired. The blanket irnplanu is 
quite thin compared to the depletion region, with tiiB 
depletion region extending into, but not through, the blanket 
implant in the final array. 

All ideal flatr.ess ct' the back side surjiace of the. die is 
very i!Tfpo.E tar.t for many applications, e.g., for CT scanners 
that zeqMir^ attacliia:; of a scintillator crysLal to the back 
side of the photodiode array. To help satisfy this 
regi.iireHi-?T)t, the oxide layer 12 is evenly patuernad and the 
iTietal vadi:. 14 contacting t'ne firsf -^I <--c-;.rode 2 and second 
elect:rcde 8 are wenly spaced acvr,-; ' ;■ •- .;:::: !:ace of the die 
16 and made the same size to provide ido-.iiicai ball buiT^ping 
conditions throughout the wafer {see Flquros b dud 6), The 
oxide ,io;y!-.r ;L7: and r,!e-;a.l oh.'if. J -I are T epreL^er^ted by Che 
larger diatnei; e::;- circles in Kxgure 5, with the smaller; 
diameter circles describing the contact openings. 

The present invention pliotodlGde arrays exhibit very low 
Gross talk because of the excellent isolation of each pixel. 
Also, because of the small depletion volume, the arrays? 
exhibit low noi«e and low temperature sensitivi liy , 'v&viii used 
in X-ray .^lystecns, tViey exhibit low radiation da.n^age, and have 
thermal characteristics cirtdlar to L-cintiillators to Vvhich 
they v.dll are mounted. Tns technique of using a deep 
diffusion in conjunction with a thin .-aubstrate for P.aking 
electrical contact to the back side of the -substrate may, of 
cour.s-e be used in o;:her semiconductor devices. I:vliiie the 
deep diffusion in the preferred eisibodiment is of the same 
conductivity type as the substrate, this is not a limitation 
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Of the i:iveiif.ion, as the deep diffusion may be of the 
opposite condiictivity type, if desired. 

invention have b-ser; di3c:c&-.vd herein, such disclosure is only 
for purposes ot under:^- •:a::dr:ng the exemplary erajodi merits and 
not by way of iir!ii!;ation oi the invention, it vvill Vx-s 
obvious to tliose skilled in the art that various chaxiges in 
iafcrication process and si.ruci";ure oi the phot odi ode arrays 
laav be jv^ade withoiit departing frou^ the spirit and scope, of. 
the invention, as set out in the full scope of the following 
claims. 
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CLAIMS 

What is claimed is: 

1, A bacK illunviiiabed photodiode array coTiiori slncr : 
a ciS'--F^'"'i 5itQ -^L a first: conducLiviLy i\v^ :ic.->Lua 

and second surfaces; 

the second surface having a layer o£ the fir.st 
<-c:.duc\n^y type having a greater coaducfcivity than the 
■subs crate; 

(i wc^ri-K of --cc^on.i oi a tir<■^r crr>6^\r-zL\'xtY t\fj(=' -t-f n 
highci coj^Guc. ivLtv the substrate ejcioxiaiiig from the 

first surfric- oi the subf-'trate to the layer of the first 
conductjv:-y -.vp- '-aviny a greater fjonductivity than the 
substrate; 

a plurality of regions of the second conductivity type 
interspersed within the matrix of regions of the first 
ronductivicy type and not extending to the layer of the first 
conductivity type on the second surface of the substrate; 
and, 

a plurality of contacts on. the first surface for making 
electrical contact to the matrix of regions of the first 
Gonductivity type and the plurality of regionis of the second 
conductivity type. 

2 , "the photodiode array of claim 1 wherein the 
plurality of regions of the second conductivity type are 
separated from the second surface of the substrate by an 
amount that approximately equals the depletion depth for the 
substrate at zero bias. 

3, The photodiode array of claim 1 wherein the 
plurality of regions of the second conductivity type are 
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ceparated trovi the second surface of the s\ifostrate by 

approximate iy 9 uieu 

4 . The photodit c-de array or cj.a.im. 2 wherein fche 
suj>3t-rate is an n-ryine silicon substrate having a resistivity 

of approximately 400 ohm- cm, 

5. The phOLodiode array ot claim 1 wherein the 
plurality of Gontacts are a plurality of ball grid contacts. 

G. rL(^ p]x')rodicdc- rtn^i ■. : , ; - .n b wnerein the 
plurality o£ coiitacts are of subs tanci ally eqijal size eveniy 
distributed across the photodiods array. 

Thv-; ptc-c:>'-;i or;e arr,=;y of clain ! w'-.orem tlie matrix 
of rcg/'Or-s -jf .-t iii^-t coisducfcivity t^-'pe cr-r.pri n-? a 
recrai O'i" <ii f;'-.j!i.;x .-tetining an X-Y matrix of squar--; regions, 
each sga&re i:egion containing a respective one of. the 
plurality of regions o£ the sscond conductivity type. 

3. The photodAodti artay oL claiTfi 7 -..dierein doping 
f>-n;iino tne rtiatrix oi regions of a first conductivity type 

! ~ 1 r-- f uralitv of regions of the second conductivity tyj-je 
overlap. 

9 , Tiie phouodiode array of claim 1 'Afhereixi. the 
substrate has a thickness of less than approximately 50 urn, 

iC. Tne photoa>.de array ot ciairc. 1 vjberein the 
sub&trafcs has a -.hick-iess :i:;rri:x:l.:~.iatel.y 30 un\. 

11, Tne photodiode array of claim 1 vrfierein the 
siibstrate is a silicon substrate- 
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:12. ?\ bac]': .11 luriinatred photodiode array cojuprising; 

a substr&t-.e of a first conductivity type having first 
and second surfaces and a thickness of less than 
approxiraact^iy 50 iJin; 

the second surface having a layer of the first 
conductivity type having a greater conductivity than the 
snbstrater 

a rectangular matrix of regions of a first conductivity 
type o£ a higher conductivity than the substrate extending 
from the first surface of the substrate to the layer of the 
first conduGbivity type on the second. surf ace of the 
substrate, the rectangular matrix defining an X-Y matrix of 
rectangular regions? 

a plurality of regions of the second conductivity type 
interspersed within the matrix of regions of the first 
conductivity type, each region of the second conductivity 
type toeing within a respective square region defined by the 
rectangular ms.tri:x of regions of a first conduc:tivity type; 
and, 

a plurality of contacts on the first surface for making 
electrical contact to the matrix of regions of the first 
conduetivity type mi6, the plural ifey of regions of the second 
conductivity t^'pe^ 

13 . The photodiode array of olaisn 12 wherein the 
plurality of regions of the second conductivity type are 
separated from the second surface of; the substrate by an 
amount that approxiniately ec[uals the depletion depth for the 
substrate at sero bias, 

14. The photodiode array of claim 13 wherein the 
plurality of regions of the second conductivity type are 
separated from the second surface of the substrate by 
approximately 9 um. 



13 



wo 2005/001941 

15. The photodiode array of €laim 13 wherein the 
substrate is an n-type sxlicpii substrate having a ra&istivity 
of approxijftafeely 400 obia-cni. 

16. The photodiode array of claim 12 whereia the 
plurality of coxitaets are a plurality of ball grid contacts, 

17 . The piiotodiode at^ay of qlaiis 16 vjiierein the 
plurality a£ contacts are of siiBstaritially equal sis:© 
substantially evenly distrxMtea acrGSS the S)hotodio<3e array. 

18 ,; photodioae array of claim 12 wiierein <aopiiig 
foinniiig tbe Biatrix regions of & first conductivity type 
ana tile plurality of region^ of the second conductivity type 
overlap, 

19, The photodiode atray of clstiin 12 wherein the 
substrate has a thickness of approxiiaately 30 m, 

20, The photodiode array of claim 12 wherein the 
substiate is a silicon substrate. 

21, A fliethod of Eataricating a photodiode array 
coK^rising ; 

providing a sejEfticonduc tor substrate fiavliig first and 
secqrid surfaces ; 

providihg a first region in the form of a matrix of 
regions of a fir^:t conductivity t^-pe of a higher conductivity 
than the substrate, incliidihg a high teirsperature diffusion, 
the first region extending into th^ substrate from the first 
surface; 

providing a plurality of regions of the second 
condiictivity type ixiterspersed vd.thin the matrix of regions 
of the first cohdiictivity type, including an additional high 
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teriipsrai.:ur(:; di f f-is ion, the secoi-d region exr.ending into the 
subsfvrate frora the rir:^:c sarface a shorter distance than the 
first region; 

grinding t;\e s^u'-o urate from the second sur:f;ace to reduce 
the tiiickriess of the subs-trate and to eyq_:oQB the iTiatrix of 
regions of a first ccmductivity type and not' the plurality of 
regions of the second conductivity type at the second surface 
of the substrate? 

providing a layer of the first coniSuctivity type having 
a conduct ivity greater than the substrate on the seeond 
surface of the substrate; and, 

providing a plurality of electrical contacts, at the 
first surface for the first region in the form of a matrix of 
regions of a first Gonduetivity type aiKi the plurality of 
regions of the second conductivity type. 

22 . The itiethod: of claim 21 wherein the layer o£ the 
first conductivity t^'pe; having a conductivity greater than 
the substrate on the second surface of the substrate is 
provided "by implantation. 

23 . Tl^e raethod of claim 21 wherein the substrate 3.s 
ground to a thickness separates the plurality of regions of 
the second conductivity type from the second surface of the 
sT^strate by an amount that approximately equals the 
depletloD depth for the substrate at z&ro bias. 

24. The phobodiods array of claim 21 wherein the 
plurality of regions of the second conductivity type are 
separated from the second surface of the substrate by 
approxiinately 9 \m. 
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25. The method of claim 23 v^herein the siibstrate 
provided is an n-type silicon stifostrate haviiig a i-QSisfeiyity 
of approximately 400 olMt-cm. 

26 . The method Of claifis 21 v&^risiri the pluratlitF of 
coritacts are a plui-ality of ball grid CGntacts. 

27 . The inethQd of claim 26 wherein the plurality of 
contacts are of substantially etsual size evenly distributed 
across the photodiode array. 

28. The method of claim 21 wherein the substrate is 
ground to a thickness of less than approximately 50 \mi. 

2?.', Tb.e me">iod of c:;ai:r, 21 wherein the substrate is 
ground a rh; ck,ness oi approximately 30 um, 

30. A u;f-;.h-)d of fabricating a photodiode array 

coraprising: 

providing a ciiicon substrate having firsL and second 
surfaces 

providing 3 first region isi the form of a n^atr.ix of 
regions of a Sirst conductivity type of a higher conductivity 
than the substrate, including a high temperature diffusion, 
the first region extending into the substrate from the first 
surface; 

providing a plurality of regions of the second 
conductivity type interspersed within the isatrix of regions 
of the first conductivity type, including an additional high 
temperature diffusion, the second region extending into the 
substrate from the first surface a shorter distance tban the 
first region; 

providing additional doping of the first region, 
includihg a further high temperature diffusion; 
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grinding the siibstrate frojis the second surface to reduce 
the thickness of the substrate to .less than approxiiTsairelY 50 
]xni and to expose the matrix of regioiis of a first 
conducr,ivii;y type and not the plurality of regions of the 
second conductivity type at the second surface of the 
substrate ; 

providing a layes: of the first conductivity type having 
a cqnducti-'/ity greater than the substrate on the second 
surface of the sutostrate,- arid, 

providing a plurailty of electrical Gdntacts at the 
first surface for the first region in the form of sl asatrix of 
regions of a first conductivity type and the plurality of 
regions of the s^cbnd conductivity type. 

31. The method of claiiri 30 wherein the layey of the 
first conductivity type having a conductivity greater than 
the substrata on the second sucf ace of the; substrate is 
provided by implantstioa . 

32 . The method of claim 30 wherein the substrate Is 
ground to a thickness that separates the plurality of regions 
of the seconc;] conductivity type from the second surface of 
the substrate by art amount that approximately e<juals the 
depletion depth for the substrate at zero bias . 

33. The photodiod® array of claim 30 wherein the 
plural ity of irecilons of the second conductivity type are 
separated from the second surface of the substrate by 
approximately $ pm 

34. The method of claim 32 w-he.re.in the sxJbstrate 
provided is an li-type silicon substrate having a resistivity 
of approximately 400 ohm~cm, 
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:-b, Z'hf=- method lA r-isixn 30 wherein nie pli;raiity of 
contaci-:^- are -3 pluraiit-.y of ball grid contacts. 

i:ier,h'xi of claim 35 wheroin the pluraiity of 
cu'nu-.oi-J:- a-LL o£ &uorir ap.t: ally equal sise evenly distributed 

acrpKS tne photo diode array. 

37. The luechod of claim 30 wherein the substrata is 
ground to a tMcknesS: of approximately 30 m. 

38 . A method of fabricatins a semiconductor device 

comprising; 

providing a semiconductor substrate of a first 
condtic t:. ivi t y type ,- 

forfn,u>:;; the semicoiKvio;- . .- ■if^^vire on a f,i,t:L~:t surface of 
the. seraicoinductor subscraue, ding f omn ng deep 

diffusions extending through r/ne .'rub.'srrar.r: from the first 
surface to a second surface of the .substrate,' a.nd, 

J: ■: t-.i i !k; a blanket region of, the same conduct.;. vity type 
as the deep diffusions on the seccnd surface of the 
substrate, 

3:9. The method of oiaim 38 wherein the substrate is of 
a first conductivity type and the deep diffusions and the 
foiattket region are of a second conductivity type. 

40. The r;iethod of cisitn 38 wherein the. deep diffusions 
extending through the substrate axe rornied by forming 
dif fLt.-3iQn.s; that are deeper than diffusions of the 
semiconductor device, and grinding the sub.strate fron^ the 
second .-"uriiace to reduce the thickne.'SS of the .'•;rab,sr..i-ate to 
expose the deep diffusioniss from the second surface of the 
sulsstrate. 
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41. A method of fabricating a send conductor device 
comprising; 

providing a semiconductor substrate of a first 
conduc tiv i ty type ; and , 

forndrKj the scmicGxiductor device on a first surface of 
the serai conductor substrate, including forming <i&ep 
diffusions extencllua through the substrate from the first 
surface to a second surface of the substrate, 

42. TJie rr;6tbod of claim 41 wherein the deep diffusions 
extending through, the substrate are forfi^ed by forming 
diffusions that are deeper than diffusions of the 
semiconductor device but do not extend through the substrate, 
and grinding the substrate from the second surface to reduce 
the thickness of the substrate to eicpose the deep diffusions 
from the second surface of the substrate . 
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